This report contains an account of geostrophlc vortiics on a rotating sphere. A vortex of this type ti characterized by a singular spherical harmonic of degree v and order zero.
Introduction
A thin spherical layer of an incompressible, inviscid fluid which is held on the surface of a rotating ball by gravitation can be taken for some purposes as an approximation to the Earth's atmosphere. The analysis of the two dimensional vortical motion in such a layer should be useful for the understanding of certain observed meteorological phenomena.
In a previous report a linearized analysis was presented under the assumption that the outer surface of the layer is a sphere always concentric to the ball representing the Earth.
This report presents a linear analysis in which the outer surface of the fluid layer is allowed to be free but the Coriolis force is assumed to be independent of latitude. This assumption defines a motion which can be regarded as a first approximation to the actual motion even if the fluid layer is not confined to a narrow band bounded by two circles of latitude.
The investigation covers the case in which tangential accelerations are neglected in comparison with the Coriolis force.
In other words, we study geostrophic vortices on a sphere as contrasted with geostrophic vortices on a plane. The latter have been discussed by several authors in connection 'ith a tangential plane approximation to the motion of a thin layer of fluid covering a rotating ball. References can be found in Morikawa, 6 p üü sin 6
Pi = P + 6 0 CJ --2 ^ which can be referred to as the modified pressure.
Since h is supposed to be small compared with the large radius a of E; and since w((f),e,a,t) = 0 let us neglect the radial velocity and the radial variation of u and v. Let us assume that G = gp where g is a constant; and that the centrifugal effects manifested by the partial derivatives of ? ? 2 5 p ü) sin 6 0 can be ignored. Let us also assume that the motion is such that the nonlinear terms in the tangential momentum equations can be neglected; and that the radial momentum equation can be replaced with the hydrostatic law P(<M,p,t) = g5 o (h+ a-p) which satisfies the condition that the pressure is zero at the free surface p ■ a+h.
Under the above assumptions and with the notation u((j),e,t) = u(<M,a,t) , v((j),e,t) = v(^0,a > t) ;
an approximation to the motion is determined by the equations Hereafter we confine ourselves to a study of these equations.
As will be explained in the sequel, they lead to what are called geostrophic vortices.
The elimination of r\ from 0,2) and (3.3) leads to (3.4)
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The quantity
SB-
is the radial component of vorticity; and by integration of (3.4) we have This implies that we can use (3.5), (3.2) and (3.3) as a basic set of equations instead of (3.1); (3.2) and (3.3).
Equations (3.?) and (3.3) give where 5 symbolizes the Dirac delta function.
The theory of Laplace transforms can be used to show that the steady state solution of (3.8) corresponding to a concentrated vortex is such that
where f must satisfy (3.10) ^^(sme)
The function ^ does not depend on t and the associated time independent velocity comonents are
Note that (5.10) is a consequence of the equations (3.11), (3.12) and the vorticity equation The solution of (5*19) subject to is the fundamental solution of (3.19).
It can now be verified by direct substitution that 
U. in "■^
The associated velocity field is given by We are now in a position to develop a general theory for geostrophic vortices on a sphere analogous to the basic HelmholtzKirchoff theory for rectilinear vortices normal to a plane.
Instead of doing this here it seems more useful to examine a few special cases which may be approximately applicable to certain physical situations.
13 -"i l|.HHOTpW|..<m,.w.,.■.«.<.,■<■■ P.--.!.. ,i- The stability of this equilibrium configuration can be investigated by using the methods explained in the paper by Morikawa [1] ;
and the paper by Morikawa and Swenson [2] .
